Hydroxyproline-rich glycoprotein was first detected in cell walls by Dougall and Shimbayashi (8) working with tobacco callus cultures and Lamport and Northcote (15) with cell cultures of sycamore. A similar protein was demonstrated in the walls of other tissues (12) . Considerable information is now available on the structure and distribution of extensin (for a review see ref. 4) . Substantially less is known about the hydroxyproline-poor glycoprotein first isolated by Brown and Kimmins (3) from bean. Levels of this glycoprotein could be increased by wounding, a many-fold increase occurring 36 h after abrasion (11) . This phenomenon has been a useful aid in studying this glycoprotein.
Hydroxyproline-poor and -rich glycoproteins have been obtained from cell walls of Phaseolus coccineus where they have been associated with hemicellulose and cellulose, respectively (18) . Serine and hydroxyproline participate in protein-carbohydrate linkages in both types of glycoprotein (5, 13) . Hydroxyprolinerich glycoprotein contains short chains of,-arabinofuranose residues linked to hydroxyproline (1) and one or two galactose units attached to serine (7, 14) . In contrast, arabinose, glucose, and galactose are attached to both serine and hydroxyproline in hydroxyproline-poor glycoprotein (5) . Arabinose may be (1 -* 2)-,
(1 --3)-, or (1 -* 5)-linked, whereas glucose is ,8-(l --4)-linked (6) . This report concerns the distribution of these linkages in carbohydrate attached to serine or hydroxyproline, respectively. To investigate the possibility that biosynthesis proceeds by addition ofcarbohydrate to hydroxyproline-poor protein in a sequence which spans the production period, tissue was extracted at three different times after wounding. Previous investigations have demonstrated that extraction of cell wall glycoproteins by alkali is temperature-dependent (6, 16) . Increasing the extraction temper-'Supported by the National Research Council of Canada. ature has the disadvantage that carbohydrate attached to serine may be lost. Therefore, instead of raising temperature, extraction time was increased by extracting for 30 min followed by a 12-h treatment with alkali. In this way, structural differences between hydroxyproline-poor glycoprotein readily extracted by alkali and that more firmly bound were studied.
MATERIALS AND METHODS
Production and Purification of Hydroxyproline-poor Glycoprotein. Seeds of Phaseolus vulgaris var. Pinto were germiated in sand and the resulting plants transferred on the 7th day to beakers (three plants per beaker) containing water. After 3 days growth with a 16-h/8-h light-dark regime, primary leaves were wounded as outlined previously (3, 11) . Leaves were harvested 24, 27, or 36 h later and glycoproteins extracted and purified using columns of Sephadex G-150 and G-200 (5). Following extraction with 1 M NaOH (2 C, 30 min), leaves were reextracted (1 M NaOH, 2 C, 12 h). Glycoproteins obtained in the 30-min and 12-h extraction periods were analyzed separately.
Analytical Methods. Methods used for gel electrophoresis, alkali degradation, 3S labeling, radioactivity measurements, sugar analysis, amino acid analysis, and methylation analysis have been given in previous publications (5, 6) . Samples of methylated hydroxyproline-poor glycoprotein (27 h, postwounding) were analyzed by GLC-MS (2) . N-Terminal amino acid analyses used the dansyl-Edman method of Gray and Hartley (9) .
Gel Chromatography. Following alkali treatment, samples were neutralized with acetic acid and chromatographed on Sephadex G-200 (1 x 50 cm or I x 30 cm) developed with phosphate buffer (20 mm, pH 9.0) at a flow rate of 1 ml/h. All mol wt reported were determined using a Sephadex G-200 column (2.5 x 35 cm) calibrated with blue dextran, aldolase, ovalbumin, chymotrypsinogen A, and ribonuclease A (Pharmacia Ltd.).
Isoelectric Focusing. A portion (50 mg) of each glycoprotein preparation was further purified by isoelectric focusing as follows. The density gradient was formed with sucrose, and the ampholyte (pH 3-10, LKB Products Ltd.) was used at a concentration of 1.5% in a total volume of440 ml. The glycoproteins were dissolved in phosphate buffer (20 mm, pH 9.0, 3 ml) and this was added to the light solution (215 ml). The voltage was adjusted to keep the power input at 6 w. After 18 h at 5 C, focusing was terminated and the column was emptied in 3-ml fractions. Focusing for longer than 18 h resulted in complete precipitation of the glycoprotein which settled to the bottom of the column. Th pH of each fraction was measured and the fractions kept at room temperature for 5 h. During this period precipitation of the glycoprotein was complete. Each fraction was centrifuged and the pellet dissolved in phosphate buffer (20 mi, pH 9.0, 3 ml) and optical density at 280 nm measured. Fractions containing single peaks were pooled, dialyzed, freeze-dried, and their sugar composition determined. Table II for abbreviations cPost wounding treatment (36-h postabrasion) did not reveal more (1 --5)-linked arabinose in this fraction than was present in the native glycoprotein. Purification of hydroxyproline-poor glycoprotein by gel chromatography yields two peaks (see Fig. 1 in refs. 5 and 6 ), but little is known about the lower mol wt material. Chromatography of alkali-treated peak 2 glycoprotein gave similar fractions to those obtained with peak 1 (Fig. 3) . Methylation analysis also gave similar results (Table IV) . The proportion of fraction I to fraction 3 as measured by optical density at 280 nm suggests that peak 2 glycoprotein may contain more alkali-labile peptide bonds than peak 1 glycoprotein or that more of these bonds were cleaved during alkali treatment.
RESULTS

DISCUSSION
Isoelectric focusing demonstrated that the hydroxyproline-poor glycoprotein preparations are homogeneous and N-terminal amino acid analysis indicated that the preparations contain only one polypeptide chain. Alkali treatment followed by gel filtration produced two polypeptide fractions. Carbohydrate present in the higher mol wt polypeptide fraction is either linked to hydroxyproline or if attached to serine has not been removed by the alkali treatment. The smaller mol wt polypeptide fraction contains 3S, indicating that carbohydrate had been attached via serine to this fraction. N-Terminal amino acid analysis suggests that this fraction contains at least two polypeptide chains. One has proline as its N-terminus. The aspartyl-proline peptide bond is acid-labile (17) but no information about its alkali lability appears to be available. Glycoproteins extracted at different intervals after wounding show similar structural features. This suggests that wounding initiates rapid production of glycoprotein with a maximum biosynthetic rate occurring after 36 h, rather than initiating a single sequential biosynthesis spanning the production period. The more firmly bound hydroxyproline-poor glycoprotein (12-hextracted) is similar in structure to the more readily extracted material except for the presence of (1 --5)-linked arabinose attached to the smaller polypeptide through hydroxyproline or serine. The relative content of these arabinose units increases with increasing postwounding time. This raises the possibility that (I 5)-linked arabinose units may anchor hydroxyproline-poor glycoprotein to cell wall matrices.
Linkage analysis of carbohydrate attached to serine indicated the presence ofterminal arabinose, glucose, and galactose residues,
( 1 2) GLYCOPROTEIN OF PA may have properties consistent with the cross-linking role proposed for the hydroxyproline-rich glycoprotein, extensin (10) .
